We report on measurements of thermopower oscillations vs magnetic field in diffusive Andreev interferometer. Upon the increase of the dc current applied to the heater electrodes, the amplitude of these oscillations first increases then goes to zero as one would expect. Surprisingly the oscillations reappear at yet higher heater currents with their phase being π-shifted compared to low current values. Using direct measurements of temperature gradient we estimate the amplitude of the oscillations to be orders of magnitude lower than predicted by theory.
Introduction
In a nonuniformly heated conductor there arises an electric field, E, proportional to the temperature gradient E = Q∇T , where Q is known as thermopower. In normal metals Q ∼ T /ε F and is small because T ≪ ε F , ε F being Fermi energy. In contrast to normal metals, the thermopower of mesoscopic normal metal/superconductor (NS) structures does not contain small factor T /ε F resulting in giant thermoelectric voltage which oscillates as a function of magnetic flux through the superconducting loop [1, 2] . Recently, the oscillating thermovoltage of mesoscopic (Au/Al) Andreev interferometer has been observed experimentally with the value of Q estimated to be consistent with theoretical predictions [3] .
We have performed the measurements of thermopower oscillations vs magnetic field in (Sb/Al) Andreev interferometer. As a function of heater current the amplitude of oscillations first increases then goes to zero similar to that in Ref.
3. However, we have discovered a novel effect: at higher heater currents the oscillations reappear with their phase shifted by π compared to low current ones.
Experimental
The structures were made by multi-layer e-beam lithography. The first layer was 40 nm thick Sb (semimetal) followed by second layer of 60nm thick Al (superconductor). Just before the deposition of second layer the in-situ Ar + etching has been performed to ensure clean interface between the layers. Figure   Fig. 1 . SEM micrograph of a measured sample.
1 shows a sample layout. Two hybrid loops form two Andreev interferometers which we will call "top interferometer" (TI) with interfaces to superconductor situated on the current lines of N-part and "bottom interferometer" (BI) with the interfaces being off current lines. TI has S-contacts marked S1 and S2 and N-contacts marked N1, N2, N3, N4, H1, H2. BI has S-contact S3 and Ncontacts N5, N6, N7, N8, H1, H2 (see Fig. 1 ). The geometry of the sample was designed so that the temperature gradient can be estimated through the direct measurements and the absolute value of thermopower could be determined. In addition, Sb being a semimetal has quite large classical thermopower, which can be measured in the same experiment and compared with thermopower of Andreev interferometer.
Measurements have been done in the He 3 cryostat in the temperature range from 0.28K to 6K in magnetic fields up to 5T applied perpendicular to the substrate. Resistivity, ρ, of Sb film was 60 µΩcm and that of Al film was Figure 2 shows the resistance and thermovoltage oscillations for both interferometers as function of magnetic field with the period corresponding to the flux Φ 0 = hc/2e. Magntoresistance measurements using conventional ac bridge technique were set up as follows: for TI current was applied to electrodes N1-H1 and voltage between electrodes N4-H2 was measured; for BI current was applied to electrodes N5-H1 and voltage between electrodes N8-H2 was measured. Thermopower measurements were set up as follows: heating current was applied to H1-H2 and was a sum of dc and small ac currents. Thermovoltage was measured using lock-in amplifier on the frequency of ac signal between electrodes S1-N1 for TI and S3-N5 for BI. The polarity of the connection of S and N electrodes to the voltmeter was the same for both TI and BI. Yet, the phase of thermovoltage oscillations is opposite for TI and BI. Note also phase shift π/2 between the resistance and thermovoltage oscillations for both types of interferometers. Figure 3 shows thermovoltage oscillations vs magnetic field for TI at various dc current through the heater H1-H2. One can see the amplitude of oscillations goes down and then they reappear at higher heater currents with their phase being π-shifted compared to low current values. Note magnetic field independent shift in thermovoltage increasing with dc heater current. We associate this shift with classical thermopower in Sb electrodes. In Fig. 4 we show the amplitude of thermovoltage oscillations for both our interferometers. No noticable oscillations were detected for dc currents from 3 to 8 µA.
To estimate the absolute value of thermopower we need to know temperature gradient across the interferometer. We have used proximity effect in TI as a thermometer. Figure 5 shows the dependence of amplitude of resistance oscillations measured using current contacts N1-S1 and potential probes at N4-S2 on temperature and dc current applied to heater H1-H2. From this we can roughly estimate the temperature, T m , in the middle of the normal part of interferometer. Figure 6 shows the correspondence of the temperature to the heating current H1-H2 extracted from Fig. 5 . Same measurements done using N5-N8 as current and N6-N7 as potential leads showed that temperature of temperature (see Fig. 6 ). The temperature The above relation was obtained by integrating equation −κ∇T = Const in the N-part, where κ = (π 2 /3e 2 )σT is electron heat conductivity and σ is electrical conductivity. For T H we used formula T H = T 2 0 + αI 2 , obtained from the solution of Nagaev's equation [4] neglecting electron-phonon scattering at low temperatures, where α is a sample-specific constant, which we used as a fitting parameter. We will use the line on Fig. 6 to obtain T m at a given heating current. Broken lines on Fig. 6 show error in finding T m due to data scattering.
The thermopower of Andreev interferometer, Q A can be estimated as Q A = V th /∆T , where V th is voltage measured between S and N and ∆T is temperature difference between the two NS interfaces [2] . We approximate ∆T as ∆T = 2(T m − T 0 )L S /L N , where L S is the distance between NS interfaces and L N , between the heater and N-reservoir (see Fig. 6, inset) . For example, for I dc = 1µA we have T m ≈ 0.36 ± 0.02K, so that ∆T ≈ 53mK. This gives the value of Q A ≈ 76nV /K. It is interesting to compare this value with the classical thermopower of Sb, Q cl . Using table value of Q cl = 36µV /K for Sb at T = 273K [5] we can expect the value of about 37nV /K at T = 0.28K. Indeed we observed a magnetic field independent shift in the thermovoltage (see Fig.3 ), which we associated with the classical thermopower. Same estimation as for the thermopower of Andreev interferometer gives us value of Q cl about 18nV /K. We find Q A /Q cl = 4.2 from our data, while we should expect
3 from theory [2] .
Discussion
At low heater currents our results are in general in line with earlier experiment of Ref. [3] . In our experiment the oscillations of the thermopower for the BI with NS interfaces off classical current lines (corresponding to the house structure of Ref.
3) were π/2-shifted from mr oscillations (as opposed to the two being in phase in Ref.
3). If we assume some heat escape through the NS interfaces into superconductor for BI, then the temperature gradient will be opposite for BI and TI, resulting in opposite phase of thermopower oscillations for BI and TI. However, for quasiparticle energies below superconducting gap there should be no heat escape into the S contact. In this case there will be no temperature difference between the two NS contacts and, according to Ref.
2, no oscillations. At the moment we cannot explain our results for BI.
In terms of thermovoltage our results are of the same order as in [3] but in terms of thermopower we find big discrepancy with [3] and with theoretical prediction [1, 2] .
Main discovery made in this work is reappearance of thermopower at higher heating currents with the π-shift in the phase of the thermopower oscillations with the magnetix flux through the hybrid loop. We emphasise that our result is different from the reversal of Josephson current observed in Ref. 6 , because we don't see any anomalies in magnetoresistance oscillations (see Fig.  5 ) with their phase being exactly the same throughout the whole range of temperatures and currents.
One consideration may be important here. Sb is a compensated semimetal with the concentration of electrons and holes being nearly equal. The thermopower has opposite sign for the two types of carriers. This may suggest that if electron and hole contributions to Andreev thermopower have different energy dependence the compensation is possible explaining the low value of "giant" thermopower found as well as change of sign of thermopower observed at the experiment.
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